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Abstract: The gastrointestinal tract of a female, immature 
(2400 kg body mass, 6.6 m body length) southern minke 
whale (Balaenoptera bonaerensis) was investigated. The 
forestomach had a non-glandular, keratinized squamous 
epithelium which was separated from the fundic chamber 
by a clear border between a keratinized epithelium and 
a glandular, folded mucosa. The beginning of the duode-
num consisted of the ampulla duodeni. Both cecum and 
colon had a smooth external appearance without saccu-
lations or bands. Compared to phylogenetically closely 
related Artiodactyla, the size of the stomach complex and 
the intestine was short, corresponding to the carnivorous 
diet of cetaceans.
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The digestive anatomy of cetaceans is characterized by 
a complex stomach compartmentalization (Slijper 1962, 
Tarpley et al. 1987, Langer 1996, Mead 2007) and, in several 
species, by particularly long intestinal tracts (Bourdelle 
and Grassé 1955, Stevens and Hume 1995, Williams et al. 
2001). Cetacean stomachs are unique amongst large 
mammals insofar as the glandular portion of the stomach 
is subdivided, into the fundic and the pyloric chambers 
(Jungklaus 1897), which are connected by a small con-
necting chamber. Comprehensive data collections on the 
comparative anatomy on cetaceans are lacking (Büker 
2008). Therefore, even isolated data on individual speci-
mens are interesting if they refer to species that have so far 
not been described.
Here, we used the opportunity to describe the macro-
scopic digestive anatomy of an Antarctic or southern minke 
whale (Balaenoptera bonaerensis Burmeister 1867). In con-
trast to the Northeastern Atlantic minke whale (Balaeno-
ptera acutorostrata Lacepede 1804) for which a dataset 
on digestive anatomy is available (Olsen et  al. 1994), to 
our knowledge, no such data exist for the southern minke 
whale; the only information available are the gut content 
weights reported by Tamura and Konishi (2009).
The gastrointestinal tract of a female southern minke 
whale was investigated in this study. The animal was 
found on the beach of Montevideo, Uruguay (34°52′S, 
56°13′W). The animal was weighed with a scale of a truck 
crane and was dissected at the Anatomy Laboratory of the 
Veterinary Faculty of Montevideo.
After removal from the abdominal cavity, the gas-
trointestinal tract was measured (and documented by 
digital photography, see Supplementary material, Figure 
S1–S4). Stomach contents were measured by weighing 
the unopened organ and re-weighing it after contents had 
been rinsed out with water. In addition, the organ was 
filled with water to its maximum capacity in order to deter-
mine the volume. Anatomical measurements were taken 
following standard procedures. The stomach complex was 
placed on its left side, and the height and length of the 
forestomach and the main stomach were made with a soft 
measuring tape.
The intestinal tract was separated after sectioning 
the pylorus before the duodenal ampulla. After removal 
of all mesenteric attachments, the lengths of the differ-
ent sections of the intestinal tract on the anti-mesenteric 
side were taken with a standard measuring tape. The full 
and empty weights of duodenum, jejunum-ileum, cecum, 
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colon and rectum were also recorded. We followed the 
nomenclature of Olsen et  al. (1994) and used data from 
that and other studies for a comparison of our speci-
men with Northeastern Atlantic minke whales and other 
cetaceans.
The animal weighed 2400 kg and had a total body 
length of 6.66 m, indicating an immature animal (Tamura 
and Konishi 2009). The stomach complex consisted of 
the forestomach with a non-glandular, keratinized squa-
mous epithelium (Figure S1), which was separated inter-
nally from the fundic chamber by a clear epithelial border 
between a keratinized epithelium and a glandular, folded 
mucosa (Figure S2). The folds of this mucosa gradually 
became smaller towards the connecting chamber with 
its smooth, glandular epithelium that led into the pyloric 
chamber that also contained a smooth mucosa and no 
visible torus pyloricus (Figure S3). The stomach contained 
4.0 kg of contents, had a tissue weight of 9.6 kg, and a 
water-holding capacity of 70 l. While internal connec-
tions between chambers generally appeared wide, that of 
the connecting chamber into the pyloric chamber was, at 
11.5  cm diameter, comparatively narrow. The beginning 
of the duodenum consisted of the ampulla duodeni. The 
small intestine measured 35.4 m, had contents of 10.3 kg 
and a wet tissue weight of 25.0 kg. The ileum was the termi-
nal part of the small intestine attached to the cecum by the 
ileocecal fold and opened into the large intestine through 
the ileal ostium, which was found at the junction of the 
cecum with the ascending colon. The large intestine was 
composed of cecum, ascending colon, transverse colon, 
descending colon and rectum. The cecum measured 39 cm 
in length, contained 0.54 kg contents, and had a tissue 
weight of 1.3 kg. The colon and rectum measured 3.04 m 
in length, contained 1.36 kg contents, and had a tissue 
weight of 1.5 kg. Both cecum and colon had a smooth exter-
nal appearance without sacculations or bands. In contrast 
to ruminants, the colon was not arranged in a colic coil in 
the mesentery of the small intestine (Figure S4).
In contrast to large mammalian herbivores that usually 
have filled digestive tracts when caught in the wild, meas-
ures of intestinal contents in cetaceans may be compro-
mised by a prolonged fasting, either due to seasonal and 
daily feeding habits (Tamura and Konishi 2009) or to the 
circumstances that led to their capture or stranding. Even 
in animals hunted in the austral summer season, before 
the feeding season of the southern minke whale, a large 
proportion of animals had an empty stomach (Konishi 
et al. 2014). Nevertheless, even considering only animals 
with a high stomach fill or the theoretical maximum 
capacity of the stomach determined by water filling, the 
stomach capacity of whales appears distinctively less 
Figure 1: (Fore) stomach wet contents in ruminants (Giesecke and 
Van Gylswyk 1975, Hoppe 1977, Maloiy et al. 1982), the pygmy hip-
popotamus (Choeropsis liberiensis Morton 1849) (Schwarm et al. 
2010) as a proportion of body mass as compared to data in ceta-
ceans – Balaenoptera bonaerensis (Tamura and Konishi, 2009 and 
– in white – this study), Balaenoptera acutorostrata (Olsen et al. 
1994),  Balaenoptera physalus Linnaeus 1758 (Vikingsson 1997). 
Squares indicate maximum volumes as measured by water fill in 
B. acutorostrata (Olsen et al. 1994) and B. bonaerensis (this study).
than that observed in herbivorous artiodactyls (Figure 1). 
This difference is most likely due to the comparatively 
high digestibility of the cetacean diet (Nordøy et al. 1993, 
Mårtensson et al. 1994).
Similarly, the length of the digestive tract differs dis-
tinctively between herbivorous artiodactyls and baleen 
whales (Figure 2). From terrestrial mammals, it is well 
known that herbivores tend to have longer intestines than 
carnivores of similar body size (Orr 1976). From this per-
spective, the comparison is hardly surprising. However, 
both pinnipeds and some cetaceans have particularly 
long intestines (Stevens and Hume 1995, Williams et al. 
2001). For example, a sperm whale (Physeter macroceph-
alus Linneaus 1758) has, at a body mass of 20–50 tons, 
intestinal lengths of 150  m (Slijper 1962). One explana-
tion for the long intestines of many marine mammals is 
that the intestines are inactive during diving, and that 
a long intestine therefore compensates for the loss of 
“digestion time” (Mårtensson et al. 1998). The difference 
between the deep-diver sperm whale and the shallow-
diving krill-eating baleen whales (Figure 2) matches this 
interpretation.
The maybe most striking difference between the 
observations of the present study and the anatomical 
descriptions of Olsen et al. (1994) is the gradual diminish-
ing of the folded glandular mucosa in the fundic chamber; 
in the previous study, no such gradual transition from the 
fundic to the connecting chamber was described, nor is it 
evident from the photographs of that study. One possible 
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explanation is that the animal of the present study was 
still comparatively immature and its stomach might not 
have developed completely. However, the comparatively 
long intestinal tract of our specimen as compared to 
Northeastern Atlantic minke whales (Figure 2) could indi-
cate a true species difference.
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